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H.261 H.262 H.263 H.264
Standardization 1989 1994 1998 2003
Year
Picture Type P I/P/B I/P/B I/P/B
Interlace - Frame/Field Frame Frame/Field
Macroblock Size 16x16 16x16 16x16 16x16?4x4
MC Accuracy 1 0.5 0.5 0.25
Orthogonal 8x8 DCT 8x8 DCT 8x8 DCT 4x4/8x8
Transform Integer Transform
Application Video Conference Multipurpose Mobile Contents Multipurpose
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?????????????????????????????????????????
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???16x16intra????????? 2.6?????????????????? 4x4intra
?????????????????????????????????????????
????????????????????????????????????? 4x4intra
?????? 16???????16x16intra?????? 256??????????????
2???????????? 16?????????? 16???? 32??????????
???????????????????
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??????????????????????????????
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????? ????? ???? ???
I???? ? ? ? ?
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B???? ? ? ? ?
? 2.2??????????????I??????????????????P????
????????????????????????????B????????????
?????????????????????????
??????????????????????????????????
2.5.1 ????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????????????
(????????)????????????????????????????????
???????? pmv??????? Search Center??????????? Search Range
?????????? (0,0)???? pmv???????? pmv? Search Range?????
??? (0,0)???????? Search Center??????
?????????? Search Center???????? 2.7?????????????
?????????????????????????????????????????
?????????????????????????0??? 15???????????
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15 9 11 13 16
17 3 1 4 18
19 5 0 6 20
21 7 2 8 22
23 10 12 14 24
Search Center
探 索 の中 心 点
? 2.7: ??????????
??????????? pmv???????????????pmv??????????
????????
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2.5.2 ????????
A B C
D E F
G H I
1 2 3
6 7 8
4 5
a b c
f g h
d e
整 数 画 素 精 度
1/2画 素 精 度
1/4画 素 精 度
? 2.8: ???????????
???????????? 2.8???????????A?J?????????????
???? 1?8? 1/2????????????? a?h? 1/4?????????????
?????E????????????????????????E???????? 1/2
????? 1?8??????????????????????? 1/2????????
???????????????6? 1/2??????????????????????
???6???????? 1/4????? a?h????????????????????
?????????????
????????????????????????????????????????
?????????????????????????????????????????
???????????????????????????????????
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2.6 ???
H.264/AVC??????????????????????????????????
?????????????????????????????????????DCT?
??????????????????????????????????????????
CALVC(Context-Adaptive Variable Length Coding)?????????????????
????CABAC(Context-Adaptive Binary Arithmetic Coding)????????????
2????????? 2??????????????????????????????
???????????????????????????????????????
???????????CALVC?CABAC????????
2.6.1 ???????
??????????????????????????????????????
? 2.3: ??????????
?????
1
0 1 x
0 0 1 x x
0 0 0 1 x x x
0 0 0 0 1 x x x x
?? 0 0 0 0 0 1 x x x x x??
?
?
? 2.3???????’0’??? (???????)????????????’1’????’x’
?????’0’?’1’?????? (??????)???????????????????
??????????? 2.4????????????????????????????
?????????????????
2.6.2 CAVLC
CAVLC????????DCT????????????????? 2.9???????
DCT????????????????????????????????????’0’?
?? (??)????????????????????????? 2.10????H.264/AVC
???MPEG-2??????????????????????????????????
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? 2.4: ???????
????? ????
1 0
0 1 0 1
0 1 1 2
0 0 1 0 0 3
0 0 1 0 1 4
0 0 1 1 0 5
0 0 1 1 1 6
0 0 0 1 0 0 0 7
0 0 0 1 0 0 1 8
??? 0 0 0 1 0 1 0 ??? ??? 9???
??? ???
? 2.9: ???????????
??????????????VLC(??????)??????????????????
?????????????????????????????????????
???????????????? 0???????????????? 1??????
?????????????????????????????VLC???????? 1?
????????????????????CALVC??????????????????
2.6.3 CABAC
CABAC?? 2.11????????? 2????????????????? 2????
??????? 2?????????? 2??????????????????????
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+2 3 -4 +8 -3
+11 0 0 0
0 0 -1 0
+1 0 0 0
+2 3 -4 +8 -3+11 0 0 0 0 0 -10+1 0 0 0
? 2.10: ????????????????DCT?????
2値 化 部 2値 算 術 符 号 化 器
コ ン テ キ ス ト 計 算 部
C A B A C
多 値 信 号 符 号 化 ビ ッ ト
2値 信 号
2値 信 号 発 生 確 率
? 2.11: CABAC??????
?????????????????
????????????????????????????????????????
CABAC??? 2?????????????????????????????????
????????????????????????????????????????
?????????????????????????????????CABAC????
?????????????????????????????
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????????????2???????????????????????????
?????????????? 2????????????2?????????????
???? 0?1????????????????????????????????
2???????????? 2??????????????????????????
??????? 2??????????
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? 2? H.264/AVC
2.7 ??????
????H.264/AVC???????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
???????????????????????????????intra???????
?????????????????????????????????????????
????????????????????????????????????inter???
?????????????????????????????????????????
?????????????????????????????????????????
??????????????????H.264/AVC??????????????CAVLC?
CABAC? 3???????????????????????????????????
?????????????????????????????????????????
???????????????????
?????????????????????????????????H.264/AVC?
??????? 6-tap Wiener???????????????????????
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? 3? ??
3.1 ?????
?????????????????????????????
3.2??????????????????????????????
3.3??H.264/AVC?????????H.264/AVC????????????????
????? 1/2?????? 1/4?????????1/2??????? 6-tap Wiener??
?????????1/4???????Bi-linear???????????????????
??????????
3.4??????????????????????????????????????
???????
3.5?????????H.264/AVC??????????????????????
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? 3? ??
3.2 ????
????????????????????????????????????????
?????????????????????????????????????????
???????????????????????????? PSNR????? PSNR?
?????????????????????????????????????????
???????????????????????????
??????????????????????????
psp =
∑
i
∑
j
hi,jp (3.1)
psp???????????????h????????p???????????????
?????????????????????????????????????????
??????????????????????????????????????
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3.3 H.264/AVC?????
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
? 3.1: ??????????????
????????????? 3.1??????????????????????????
??????????????????????????????????????? 1/2
??? 1/4???????????????????1/2????????????1/2?
?????????1/4????????????1/2??????1/4?????????
??????????2????????????
3.3.1 1/2???????
1/2?????????? 3.2???????????????????? 1/2????
??????1/2????????????????????????????????
b = min(255,max(0, (E − 5F + 20G+ 20H − 5I + J)÷ 32)) (3.2)
???????????????????????????????????{1/32,-5/32,20/32,-
5/32,1/32}????????????????????????????????????
?? 6-tap Wiener??????????????????? 1/2????????????
???
3.3.2 1/4???????
1/4?????????? 3.2???????????????????? 1/2?????
???????? 1/4??????????1/4???????????????????
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A B
C D
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hh
? 3.2: ?????
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?????????????
t = (M + u)÷ 2 (3.3)
????????????????????????????????? 2-tap??????
????????????? 2-tap Bi-linear??????????????????? 1/4
???????????????
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3.4 ??????
???????????? ??? ?????
?????
??????
? 3.3: ?????????
?????????????????1/4??????????????1/2?????
????????PSNR???????????????1/4??????????????
??????????????????????????????????1/2?????
???????????H.264/AVC??????1/2?????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
???????????
????? 3.3????H.264/AVC????????????????????????
????? (?????)??????????????????????????????
?????????????????????????????????????????
??? 7????????????????PSNR?????????????????
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3.5 ???
H.264/AVC????????????????????????H.264/AVC?????
?????????????????????????????????????????
?????
????????????????????????????????????????
??????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
???
????????????????????????????????????????
?????????????????????????????????????????
???????????????????????????
????????????????????????????????????????
???????????????????
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3.6 ??????
?????H.264/AVC??????????????????
????????????????????????????????????????
??1/2??????? 6-tap Wiener??????????1/4??????? 2-tap?Bi-
linear??????????????????????????????????????
?????????????????????????????????????????
??????
????????????????????????????????????????
???
????????????????????????????????????????
???????????????????????????????????????
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4.1 ?????
????H.264/AVC??????????????????????????????
???????????????????????????????????????
4.2????????H.264/AVC??????????????H.264/AVC????
???????????????????????????? 2????????????
??????????????????2????????6-tap Wiener????????
????????????????? 2???????????????????????
?????
4.3??????????????????????????????????????
????????????????????????????????????
4.4??????????????????????????????????????
??????????????? 8???????????????????????
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4.2 ??????H.264/AVC????
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H.2 6 4 /A V C の補 間
本 提 案 手 法 の補 間
? 4.1: H.264/AVC????????????????
?4.1?H.264/AVC?????????????????????H.264/AVC???6-tap
Wiener??????????????????????????????A???B? 2?
????????????????????????????????????H.264/AVC
???????????????????
?????A??? B????????????????????A????????
6-tap Wiener?????????????????H.264/AVC?????????????
?????????????????????????????????????????
?????B???????????????????????????????????
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????????????????????????A??? B???????????
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4.3 ??
H.264/AVC????????????????????
• ??????????????????
??????????????????????????????????????????
????????????????????????????
誤差
? 4.3: ????????????????
? 4.3?4.4?????????????????????????????? paris??
???? 149???????????????????????????????????
?????????????????????????????????????????
?????? 0??????????????????????????????????
????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
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誤差
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H.264/AVC???????????????????????????????????
????????????????????????????????????
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4.4 ???
?
????
???
???
???
???
???
??? ??? ??? ??? ????
? 4.5: ??????????
????????????????????????????????????????
?????????????????????????????????????????
?????????H.264/AVC???????? 4.5? (1)?(6)????????????
?????????? (1)?(2)?(3)????? 7???????????????????
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4.5 ??????
????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
??????????????????????????????????????????
Wiener??????????????????????????????????????
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5.1 ?????
??????????????Reference Software JM?Verilog-HDL????????
????????
5.2??????????????????????ITU-T SG16??????H.26L??
?????????????????????????????????Reference Software
JM?????????? H.264/AVC???????????????? RD?????
??PSNR?????????????????????????
5.3??Verilog-HDL????????????????H.264/AVC?Verilog-HDL?
???????????????5.2????????????????????????
??????????????????????????
5.4????????????????RD????????????????????
???????????????????????????
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5.2 ????????????????
??????????H.264/AVC??????? C??????? Reference Software
JM?????????? H.264/AVC???????????????????????
???????????????????PSNR[dB]???????? [kbps]??????
??PSNR???????????????????????????PSNR??????
????????RD???????????????????????????????
????????????????????????????
5.2.1 ??
? 5.1: 3??????????
?????????? ???
anchor ? ?
tokunaga ? ?
proposed ? ?
???????????????????3?????????????3??????
????anchor?tokunaga?proposed??????????????? 5.1???????
??????????
1??? JM?? (anchor)????????HHI(????????????)?????
H.264/AVC?????????????????H.264/AVC????????????C
???????????????????? JM???????????????????
???????? JM16.1????????
2??? tokunaga????????3.4??????????????????????
?????????????????
3??? proposed????????4???????????????????????
??????????????????????????H.264/AVC?????????
???????????????????
3???????????????? 5.1?????????????????????
??????????
??????????????RD???????????RD????Rate-Distortion
????????????-??????????????PSNR[dB]???????????
?????????????????????????????????????????
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5.2.2 ??
????????ITU-T SG16??????H.26L?????????????????
???????
? 5.2: ?????????????????????
????????? 2 1 0
Container Paris Mobile
(QCIF:300????) (CIF:300????) (CIF:300????)
????? News Silent Voice Tempete
(QCIF:300????) (QCIF:300????) (CIF:300????)
Foreman
(QCIF:300????)
???ITU-T SG16??????H.26L????????????????????? 5.2
?????????????????????????????????????? 4??
??????????????????????
QPI = QPP = 28;QPB = 30
QPI = QPP = 32;QPB = 34
QPI = QPP = 36;QPB = 38
QPI = QPP = 40;QPB = 42
?????????? I?????P?????B?????????????????
????????????????????? anchor?tokunaga?proposed???????
?????????????????PSNR-Y?????????RD?????????
???????? anchor?tokunaga?proposed?????????????? RD???
???????
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5.3 Verilog-HDL???????
?????H.264/AVC??????Verilog-HDL?????????????????
?????????????????????????????????????????
?????????????????????????
5.3.1 ??
???????????????????2?????????????2??????
????anchor?proposed????????????????????????????
Verilog-HDL???????????????????????????????????
?????????????????????????????????????????
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??????????????????? 2?????????????????????
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? 5.3: ???????????????
?? [?m2] ?? [ns]
anchor 7357.8 1.13
proposed 11687.382 1.13
? 5.4: ???????????
?? [?m2] ?? [ns]
anchor 27596.3 1.6
proposed 31925.9 1.6
5.3.2 ??
?????????????????? Verilog-HDL?????????Synopsys??
Design Compiler Z-2007.03-SP4??????????????????????????
????????????????????
5.3.3 ??
?????????????????????? 5.3?????????? 5.4????
?????????????????????? 58.8%????? 15.7%??????? 2
??????????????????????
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5.4 ??
????????????????
????????????????????????????????????anchor?
tokunaga??? PSNR-Y????????????????????
Verilog-HDL??????????anchor????????? 2???????????
???????????
????????????????????????????????????????
????????
?????????????????????????????????????????
???mobile?tempete????PSNR-Y??????????????????????
?????????????????????????????????????????
??????????????????????????????????????proposed
??????????????
tokunaga? anchor???????????????????????????????
???????????????????????????????????????
??????proposed???????????????? 6-tap Wiener???????
?????????????????????????????????????????
?????????????????????????????????????????
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Verilog-HDL??????????????????????????? 58.8%?????
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5.5 ??????
???? 4???????????????????????????????????
?????????????????????????????????????????
??Verilog-HDL?????????????? 2???????????????????
?????????????????????????????????????????
?????????????????????????????????????????
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?????????????????????????????????
? 2??H.264/AVC????H.264/AVC?????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
???????????????intra????????????????????????
?????????????9?????????????????????inter?????
1???? 2???????????????????????????????????
???CAVLC?CABAC? 3????????????H.265?????????????
????????????????????????
? 3????????H.264/AVC????????????????????????
??????H.264/AVC????????? 1/2????????? 6-tap Wiener???
?? 1/2???????????1/2??????1/4?????????Bi-linear???
?? 1/4?????????????????????1/2??????????????
?????????????????????????????????????????
?????????????????????????????????????
? 4?????????????????????????3????????????
????????????????????????H.264/AVC? 6-tap Wiener????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????
? 5???????????4??????????Reference Software JM?Verilog-HDL
??????????JM???6-tap Wiener?????????????????????
???? PSNR-Y????????????????????????????????
??JM?? (anchor)??????? (tokunaga)????? (parallel+vector)? 2????
???PSNR-Y? JM??????????? 1.15[dB]?????????????1.17[dB]
????????????????? JM??????????? 5.5%?????????
????5.8%??????????????PSNR-Y?????????????????
????Verilog-HDL???H.264/AVC???????????????????????
? 15.7%?????????????????????????????????????
???????
????????????????????????????????????????
???????????PSNR-Y???????????????????????????
???????????????????????????????Verilog-HDL?????
?????????????????????????????????????????
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